Synthesis
We have previously reported the synthesis of the supramolecular polymer initiators, the polymers themselves, and NCTs. 1 Below, that information is briefly summarized:
DAP-Initiator
5.5 g 2,6-diaminopyridine (50 mmol) was dissolved in 40 mL dry THF in a 3-necked round bottom flask. At 0 ⁰C, the solution of 1.96 g (25 mmol) acetyl chloride in 15 mL dry THF was added dropwise under a nitrogen atmosphere. The reaction mixture was allowed to warm to room temperature and stirred for 12 hours. The insoluble content was filtered off, and the solvent was removed under reduced pressure. The resulting solid was recrystallized in a mixture of ethanol and toluene, to afford 1 as a white solid (52%).
1 H NMR (CDCl3, δ ppm): 7.55-7.65 (broad, s, 1H), 7.49-7.54 (broad, d, 1H), 7.45 (t, 1H), 6.25, (d, 1H), 4.32, (s, 2H), 2.16 (s, 3H). 1.9 g 1 (12.6 mmol) was dissolved in 80 mL dichloromethane, and then 3.5 mL triethylamine (25 mmol) was added to this solution. The mixture was cooled to 0 ⁰C, and a solution of 3.22g 2-bromoisobutyryl bromide (17.6 mmol) in dichloromethane (~10 mL) was added dropwise under a nitrogen atmosphere. The reaction mixture was allowed to warm to room temperature and stirred for 12 hours. The insoluble content was filtered off, and the filtrate was washed with a sodium carbonate solution (x1) and brine (x3). The organic phase was dried over sodium sulfate, the solvent was removed under reduced pressure, and the product was then purified by flash chromatography (CH2Cl2/EtOAc 4:1). The product was further purified by recrystallization in CH2Cl2/EtOAc/hexanes to afford N-(6-acetamidopyridin-2-yl)-2-bromo-2-methylpropanamide (DAP-Initiator) (79%). 1 H NMR (CDCl3, δ ppm): Thy-Initiator 5.0 g thymine (40 mmol), 1.0 g 11-bromo-1-undecanol (4 mmol), 1.1 g potassium carbonate (8 mmol) and 200 mL DMSO were added to a 500 mL round bottom flask. The mixture was stirred and bubbled with nitrogen for 2 minutes, and then sealed with a septum and stirred for 48 hours. The resulting mixture was poured into water and chloroform for extraction, and the organic phase was collected and washed 3 more times with brine, followed by drying over sodium sulfate and removal of solvent. The resulting white solid was recrystallized in EtOAc/hexanes to afford compound 2 (84% 
DAP-PS Polymers
In a typical polymerization process, DAP-initiator (1.0 eq), Me6TREN (0.83 eq), styrene (200-300 eq depending on target molecular weight), copper (II) bromide (0.1 eq), and anisole (0.8:1 v/v to styrene) were added to an oven-dried and nitrogen filled Schlenk flask. The reaction flask was then sealed with a rubber septum and the mixture was taken through 3 freeze-pump-thaw cycles and refilled with nitrogen. Simultaneously, tin(II) 2-ethylhexanoate (0.15 eq) and anisole (0.2:1 v/v to styrene) were combined in a vial and bubbled with N2. After the reaction flask finished returning to room temperature, the tin(II) 2-ethylhexanoate mixture was injected and the flask immersed in an oil bath at 105⁰C. The mixture was stirred at 105⁰C under a nitrogen atmosphere, and quenched at different time points to give polystyrene of different molecular weights. The typical reaction time was 1-4 hours. To quench the reaction, the reaction mixture was poured into cold methanol, and the precipitated polymer was collected, redissolved in dichloromethane, and precipitated in methanol again to afford the polymer with a chain-end bromine.
Purified polystyrene obtained from DAP initiator was then dissolved in DMF (~ 10 mg/mL) with a small amount of triethylamine (40 eq), and the solution was bubbled with nitrogen for 5 minutes, followed by the addition of 2-aminoethanethiol (15 eq). The reaction flask was capped, and the solution was stirred for 60 hours, then poured into a mixture of dichloromethane and brine. The organic phase was washed with brine repeatedly (x3), concentrated, and precipitated in methanol (redissolve-precipitate x4). The resulting white powder was dried under vacuum to give the DAP-PS polymer.
Thy-PS Polymers
In a typical polymerization process, Thy-initiator (1 eq), PMDETA (1.0 eq), styrene (200 eq), and anhydrous anisole (30 vol% in styrene) were added to an oven-dried and nitrogen filled Schlenk flask. The reaction flask was then sealed with a rubber septum and the mixture was taken through 3 freeze-pump-thaw cycles and refilled with nitrogen. Once the mixture returned to room temperature, the septum was removed, CuBr (1.0 eq) was quickly added against a positive nitrogen flow, and the flask was immediately resealed. The mixture was stirred at 110 ⁰C under a nitrogen atmosphere, and quenched at different time points to give polystyrene of different molecular weights. Typical reaction time was 1-3 hours. To quench the reaction, the reaction mixture was poured into cold methanol, and the precipitated polymer was collected, redissolved in dichloromethane, and precipitated in methanol again to afford the polymer with a chain-end bromine.
The polymer was subsequently dissolved in DMF (~ 10 mg/mL) with small amount of triethylamine (40 eq), and the solution was bubbled with nitrogen for 5 minutes, followed by the addition of 2-aminoethanethiol (15 eq). The reaction flask was capped, and the solution was stirred for 60 hours, then poured into a mixture of dichloromethane and brine. The organic phase was washed with brine repeatedly (x3), concentrated, and precipitated in methanol (redissolve-precipitate x4). The resulting white powder was dried under vacuum to give the Thy-PS polymer.
Nanoparticle Synthesis
Gold nanoparticles were synthesized from an established seeded growth protocol. 2 Briefly, a 500 mL solution of 2.2 mM trisodium citrate dihydrate was brought to a boil. To synthesize 12 nm nanoparticles, 2 mL of 25 mM HAuCl4:3H2O was rapidly injected to the solution under vigorous stirring. Within one minute the solution began to darken, and after 15 minutes it stabilized as a deep red color. To synthesize larger nanoparticles, the same procedure was used as the starting point of a seeded growth method. After the initial injection to synthesize the seeds, the solution temperature was lowered to 90℃, and given 30 minutes to equilibrate. Then, another injection of 2 mL of 25 mM HAuCl4:3H2O was performed, the solution given 30 minutes to equilibrate, followed by a final injection of another 2 mL of 25 mM HAuCl4:3H2O. After the third addition of the precursor gold salt, half of the solution (250 mL) was removed from the flask and stored in the dark at room temperature. The volume of the reaction solution was brought back to 500 mL by adding 250 mL 2.2 mM sodium citrate, and allowed to equilibrate at 90℃ for 30 minutes. The resulting average nanoparticle diameter size could be reliably controlled by modifying the number of injections of gold precursor.
Synthesis of NCTs
NCTs were synthesized from the AuNP and polymer components as was previously reported. 1, 3 In a typical synthesis, an appropriate mass of DAP-PS or Thy-PS polymer (thiol terminated) was dissolved in 5.0 mL of acetone in a glass vial to yield a 0.2 mM solution. The solution was vigorously stirred while 5.0 mL of gold nanoparticle (AuNP) solution was quickly poured into the vial, and the resulting suspension was allowed to stir for 1 hour. After the formation of dark red precipitate on the wall and at the bottom of the vial, the colorless supernatant was removed by direct decantation or with the aid of light centrifugation. 5-6 mL of solvent was added to the vial to redisperse the precipitate, and the resulting dispersion was distributed in centrifuge tubes and purified for 3 centrifuge cycles, 40 minutes at 2,348 RCF. The solvents used to redisperse the AuNP precipitate at the end of each cycle were DMF, toluene, and toluene, respectively, and the final toluene dispersions were used for the self-assembly experiments.
Polymer Characterization
Polymer molecular weight and dispersity were determined by GPC against polystyrene standards (traces, Figure S1 ). For ease of understanding, each batch of polymer was then given a name corresponding to the molecular weight rounded to the nearest kilodalton (kDa), summarized in Table S1 . Table S1 . Molecular weight and dispersities of the polymers used in this work.
Sample Name Mn (kDa) Dispersity
To synthesize NCTs with polymer brushes of varying dispersity, 0.2 mM stock solutions of each DAP polymer molecular weight were prepared, and combined in an appropriate ratio to yield an average molecular weight of 12 kDa (equal amounts added for all samples, except for the 10K + 16K). These samples were then characterized by GPC to determine a dispersity ratio. The traces are presented in the main text ( Figure 3 ) and the results summarized in Table S2 . The disperse DAP samples were assembled with 12 kDa Thy polymer -a single Thy molecular weight was used to minimize error from combining two sets of varying molecular weight polymer. Figure S1 . Normalized GPC traces for the polymers used in this work. See Table S1 for more information.
To confirm the polymers were grafted to the nanoparticles in a similar ratio as the feed solution, a series of decomposition experiments were performed. A large batch of NCTs (20 mL) would be prepared, reserving a small fraction of the polymer solution used to functionalize the nanoparticles for determining the distribution of polymers in the feedstock. After the solution of NCTs was prepared, they were concentrated, and redispersed in 1 mL of an iodine solution, 5 mg/mL, in dichloromethane. This solution was stirred overnight to ensure the complete decomposition of the nanoparticles. The solution was centrifuged, the supernatant recovered, and allowed to evaporate until only ~0.1 mL remained. Then, 1 mL of methanol was added to precipitate the polymer, which was recovered by centrifugation. Due to the small amount of Figure S2 . GPC traces of polymer mixtures before being grafted to gold nanoparticles (solid lines), and after the nanoparticles were decomposed (dashed lines). Table S2 . Dispersity of polymer mixtures used in Figure 3 . Labels refer to the mixtures of polymers used.
polymer, a higher quality Agilent 1260 Infinity 2 GPC instrument with a ResiPore column and a UV detector set to 254 nm was used to measure the polymer distribution ( Figure S2 ). The recovered polymers from the decomposed nanoparticles are very similar to the feed polymers, suggesting the feed dispersity accurately reflects the dispersity of polymers on the NCTs.
Nanoparticle Characterization
AuNPs were cast onto TEM grids, and their diameters determined by image analysis using ImageJ (over 100 particles were used for each sample). Images of the nanoparticles are present in the main text in Figure  5 , a summary of their size and relative standard deviation (RSD) are presented in Table S3 . To prepare NCTs with disperse nanoparticle cores, the concentrations of AuNP-19, AuNP-24, and AuNP-28 solutions were determined by UV-Vis, and mixtures of the three solutions were prepared with 100%, 80%, 60%, 40%, 20% and 0% AuNP-24. The particle distributions of the original AuNP-19, AuNP-24, and AuNP-28 solutions were modeled as Gaussians, and then linearly combined to estimate the size and Figure S3 . Calculated size distributions of nanoparticle cores used for particle dispersity experiments. The percentage refers to the fraction of 24 nm nanoparticles in the mixture, with the balance an equal mixture of 19 and 28 nm particles. standard deviation of the particle solutions. The values are presented in Table S4 , and the calculated distributions depicted in Figure S3 . Table S4 . Calculated relative standard deviation of gold nanoparticle mixtures used for studying the effect of particle core dispersity on NCT assembly. The % AuNP-24 refers to the fraction of 24 nm nanoparticles in the feed mixture, with the balance being an equal contribution of 19 nm and 28 nm particles. The RSD and diameter are calculated from the initial nanoparticle data in Table S3 . Solutions of nanoparticles with different radii will show markedly different form factors in SAXS, as larger diameter nanoparticles will have their first oscillation appear at lower q values than smaller nanoparticles. When combinations of nanoparticles are made, as is done so in Figure 5 in the main text, the addition of the form factors will dampen the intensity of the oscillations. To demonstrate this, SAXS patterns were modeled using SASview (http://www.sasview.org/) for nanoparticles with equal size and dispersity as the nanoparticles used in the experiments, and at equal concentrations ( Figure S4 ). Combining these form factors creates a similar flattening of the form factor in the high q region as is shown in the experiments in Figure 5 , further indicating that a broad distribution of nanoparticle diameters has been incorporated into the superlattices.
NCT Assembly Characterization
Melting temperatures were determined on a Cary-5000 UV-Vis Spectrophotometer with a thermal multicell accessory. Before the experiment, a clean quartz cuvette was treated with hexamethyldisilazane (HMDS) by solvent annealing in a 1:1 HMDS:n-hexane solution in a sealed chamber at room temperature for 20 hours. Then, in a typical experiment, equal volumes of DAP and Thy NCTs in toluene at the same optical density were mixed in the treated quartz cuvette and allowed to completely assemble. The cuvette was then placed in the thermal multicell accessory, and heated at a rate of 0.25°C/minute. The extinction was monitored at 520 nm to generate the melt profiles, and the melting temperature determined as the inflection point of the curve.
There exists a strong relationship between polymer molecular weight and the melting temperature of NCT assemblies, therefore making it a good metric for understanding which molecular weight of polymer dominates the NCT binding behavior (see Figure S6 ). Figure S4 . Calculated SAXS form factors for the three nanoparticle sizes used in these experiments and sums of mixtures of those nanoparticles in equal combinations. When nanoparticles of different diameter are combined, the oscillations in the form factor flatten out, as is seen in Figure 5 in the main text. Domain sizes of NCT superlattices were calculated from the SAXS data using the Scherrer equation. 4 First, the q0 peak was identified and fit with a Voigt function, 5 integrated, and divided by its peak height to calculate its integral breadth. Then, the Scherrer equation was used to calculate the domain size:
Where D is the domain size, K is a constant taken to be 0.9, and Δq is the integral breadth of the q0 peak. The Scherrer equation is known to only give an estimate for domain size with some error, but because the same analysis is used for samples it can provide a consistent method for comparison.
During the slow cooling method, NCT crystals rapidly form, but do not dramatically change in size. Using a faster cooling rate results in slightly lower quality crystals as determined by their domain sizes, but the change is not statistically significant below 8 ℃/min. A key limiting factor is hypothesized to be the sedimentation rate, which would explain the practical maximum. 
